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Abstract
We examined lack of private vehicle access and 30 minutes or longer public transportation travel 
time to mammography facilities for women 40 years of age or older in the urban areas of Boston, 
Philadelphia, San Antonio, San Diego, Denver, and Seattle to identify transit marginalized 
populations - women for whom these travel characteristics may jointly present a barrier to clinic 
access. This ecological study used sex and race/ethnicity data from the 2010 US Census and 
household vehicle availability data from the American Community Survey 2008–2012, all at 
Census tract level. Using the public transportation option on Google Trip Planner we obtained the 
travel time from the centroid of each census tract to all local mammography facilities to determine 
the nearest mammography facility in each urban area. Median travel times by public transportation 
to the nearest facility for women with no household access to a private vehicle were obtained by 
ranking travel time by population group across all U.S. census tracts in each urban area and across 
the entire study area. The overall median travel times for each urban area for women without 
household access to a private vehicle ranged from a low of 15 minutes in Boston and Philadelphia 
to 27 minutes in San Diego. The numbers and percentages of transit marginalized women were 
then calculated for all urban areas by population group. While black women were less likely to 
have private vehicle access, and both Hispanic and black women were more likely to be transit 
marginalized, this outcome varied by urban area. White women constituted the largest number of 
transit marginalized. Our results indicate that mammography facilities are favorably located for the 
large majority of women, although there are still substantial numbers for whom travel may likely 
present a barrier to mammography facility access.
1. Introduction
Recent analyses of national data show that more than one-quarter of US women report not 
having received recommended screening mammography, indicating a mammography rate 
that is below the U.S. Department of Health and Human Services’ Healthy People 2020 
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target of 81.1% (Coleman King et al., 2012; US Department of Health and Human Services, 
2011; US Preventive Services Task Force, 2009). Well-documented factors affecting 
adherence to mammography include poverty, low education levels, and absence of health 
insurance (Henry et al., 2013; Sabatino et al., 2008). These and similar studies have found 
that mammography screening among Asians was significantly lower than among whites or 
blacks (Coleman King et al., 2012), that Hispanics have lower screening percentages than 
non-Hispanics and that more recent immigrants (residence < 10 years) have considerably 
lower screening rates than US-born or long-term residents (Abraído-Lanza et al., 2005; 
Coleman King et al., 2012; Otero-Sabogal et al., 2004). However, many of these studies also 
show an attenuation of the effect of cultural factors such as ethnicity, health literacy and 
acculturation after accounting for structural factors such as access to health care, education, 
income, and availability of health insurance (Abraído-Lanza et al., 2005; Garcia et al., 2012; 
Jerome-D’Emilia, 2014).
Residential segregation by population group and poverty (Logan and Stults, 2011) as well as 
recent changes in these patterns (Kneebone and Garr, 2010) suggests that a geographical 
focus on access to healthcare could be particularly useful in understanding disparities. 
Geographic proximity to health care services such as mammography is strongly influenced 
by population density, and therefore, spatial access as measured by travel distance or service 
density, has been well examined for rural vs. urban areas (Doescher and Jackson, 2009; 
Engelman et al., 2002; Henry et al., 2013; Hyndman et al., 2000; Onega et al., 2011). In 
urban areas however, public transportation infrastructure and residential segregation 
patterns, rather than distance alone, may exert a stronger influence on access to services. An 
important component of the urban transportation infrastructure is its public transportation 
network. The lack of access to a private vehicle exerts limitations on travel time such as wait 
times and scheduling that are not experienced by those with a private vehicle. Thus, for 
those who most often depend on public transportation - low income, ethnic and minority 
urban residents – extended travel time may pose a barrier to mammography. In addition, 
there is likely to be a limit to the time that is acceptable for travel that can be especially 
salient for screening mammography which, by definition, is not urgent or emergency care.
Disadvantages in travel time to mammography facilities by automobile for low income and 
minority residents have been reported for Chicago, IL (Zenk et al., 2006), as well as in 
Atlanta, GA, where non-Hispanic black residents were found to have longer travel times to 
mammography facilities by public transportation (Peipins et al., 2011). A national study of 
car-based travel time to breast imaging facilities in the contiguous US found that Black and 
Asian women had the shortest median time to facilities and that rural women had the longest 
(Onega 2014). Conversely, in their examination of both individual-level factors and 
geographic factors for mammography use among Utah women, Henry and colleagues 
reported that travel time did not predict screening adherence (Henry et al, 2014). The 
inconsistencies in findings stem from differences in methodology and geographic scope. In 
addition, most studies focused on private transportation. Thus, there has been limited 
research on travel barriers to mammography facilities by public transportation in urban areas 
where it is assumed that women have adequate access.
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1.1 Aims of the study
Using an ecologic approach, we examine public transportation travel time barriers to 
mammography facilities for women without access to a private vehicle and for women with 
especially long public transit times in six urban areas. For convenience of reporting we have 
defined these co-occurring characteristics as ‘transit marginalization’. Specifically we 
describe the extent of travel time barriers to mammography facilities by public 
transportation within and across the 6 urban areas; the relative disadvantage with respect to 
travel time experienced by racial or ethnic groups, and the relative advantage of inner city 
vs. suburbs with respect to travel time. Thus in addition to numbers and percentages of 
women without access to a private vehicle, we calculated percentages of those with greater 
than 30 minutes travel time by population group for each of the six urban areas, for the 
urban areas combined and finally, by central city vs. remaining urban area for the six urban 
areas separately and combined. Our ecologic approach was based on aggregate data from the 
US census and American Community Survey (ACS) at the tract level and point-level 
mammography facility location data.
2. Methods
2.1 Urban public transportation setting
We chose six U.S. urban areas to represent different geographic regions (New England, Mid-
Atlantic, South Central, Intermountain West, Southwest and Northwest) and racial/ethnic 
composition as well as a variety of transportation modes. We used systems that were 
available in their entirety via Google Maps for Transit. These areas included Boston, 
Philadelphia, San Antonio, Denver, San Diego, and Seattle. Urban areas differed in their mix 
of public transportation modes and frequency of public transportation use (Table 1). Boston 
and Philadelphia, with comprehensive public transit systems, including heavy rail, had 
considerably more annual public transportation trips as well as annual trips per person. 
Annual trips per person ranged from 98 in Boston to 29 in San Antonio. Bus ridership was 
also highest in Boston and Philadelphia. San Diego had the most extensive light rail system 
and San Antonio had only a bus system. Seattle was the most diverse in modes of 
transportation including ferry boat and trolley.
2.2 Definition of Urbanized Area
The 2010 US Census Urbanized Area boundaries were used to delineate the terminal extent 
of each of our six study areas. Census Urbanized Areas represent densely developed areas 
comprising residential and non-residential urban land uses with a population of 50,000 or 
more people (US Census Bureau, 2010). Urbanized area (we’ll use the term ‘urban area’ 
hereafter) criteria include population density at the census block level, and do not always 
align with the census tract boundaries. Therefore, we used the following selection method to 
determine tracts to be included in the defined urban area. Centroids for each tract were 
obtained using ArcGIS 10.2 to identify the arithmetic mean center of the tract. Each centroid 
was evaluated as to its position within or without the Census Urbanized Area, and if within, 
it was included as part of our study area. We also mapped the central city boundaries within 
the urban areas using the delimited municipality-defined boundary of the city. In most 
instances, the central city boundaries fell within the census urban areas but in a few 
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instances, tracts falling within the central city did not meet the population density 
requirement to be designated as a census urban area.
2.3 Data Sources and categorization of variables
We used U.S. Census 2010 Summary File 1 to obtain data for women 40 years of age and 
older by population group for each census tract in each urban area (US Census Bureau, 
2010). Currently, the United States Preventive Services Task Force (USPSTF) recommends 
biennial mammography screening for women 50 years to 74 years and decisions by 
physicians to refer for screening at an earlier age can be made on an individual basis (US 
Preventive Services Task Force, 2009). Population group categories analyzed for this study 
included Hispanic, white (non-Hispanic), black (non-Hispanic) and Asian (non-Hispanic). A 
small ‘other’ population (other race, etc.) was not included in the analyses. The U.S. Census 
Bureau American Community Survey (ACS) data for 2008–2012 includes a variable 
regarding the household availability of a private vehicle (How many automobiles, vans, and 
trucks of one-ton capacity or less are kept at home for use by members of this household?). 
In this ecological study, we used ACS tract estimates for those who answered “None” to this 
variable and multiplied this estimate to population counts for women 40 years or older to 
represent populations most likely to depend on public transportation. Thus our analyses were 
restricted to women with no access to a private vehicle. Vehicle access data at the census 
tract level were used to limit sampling error associated with the variable at the block group 
level. We obtained data on certified mammography facilities in the six urban areas from the 
Food and Drug Administration’s (FDA) certification and inspection records of U.S. 
mammography facilities for 2012 (US Food and Drug Administration, 2012). All facilities in 
the US are inspected annually for accreditation, and data from these reports include facility 
street addresses and the number of mammography machines in each facility. Addresses from 
the annual inspection database were geocoded to the street level of precision using ESRI’s 
2012 StreetMap Premium Advanced database (ESRI ArcGIS, 2012).
2.4 Analysis
The latitude/longitude locations for each tract centroid were entered into the Google Maps 
search engine using the public transportation option. Google Maps for Transit creates travel 
itineraries based on the least amount of travel time by all modes that are provided by the 
transit agency, as well as walking to and from stations. The shortest travel time from the 
centroid of each census tract to the nearest mammography facility by public transportation 
was obtained through repeated calls to the Google Maps Web page using the SAS 
FILENAME URL method in SAS version 9.3 (Zdeb, 2009). This allowed multiple routes 
from each tract to each facility to be calculated so as to identify the facility having the 
shortest travel time from each tract. As most facilities are closed on weekends, and optimal 
travel times exclude rush hours, a standard trip start time of 11:00 am on weekdays was used 
for all searches. For <1% of the searches, Google was unable to calculate transit directions 
from the centroid to a facility. These tracts were removed from our analysis.
Population-weighted median travel times to the nearest mammography facility were 
calculated for each urban area for the study population as a whole and within each urban 
area individually. The percentage of households with no vehicle access from the Census’ 
Graham et al. Page 4
J Transp Health. Author manuscript; available in PMC 2017 December 26.
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
A
uthor M
an
u
script
ACS data in each tract was assigned to all women in each tract. This percentage was applied 
to the number of women in each demographic subgroup to calculate the number and 
percentage of women 40 years of age and older without access to a private vehicle. For 
example, if 10% of households had no vehicle access we classified 10% of white, Hispanic, 
black, and Asian women as having no vehicle access. We then summed the number of 
women in each population group across all tracts in an urban area as well as for each 
component of the urban area (e.g., central city versus non-central). For all census tracts, we 
calculated the proportion of transit time that was less than 30 minutes or 30 minutes and 
greater. A 30-minute travel time has been suggested as a standard for accessible travel time 
to health care (Onega et al., 2011; Mao & Nekorchuk 2013; Bosanac et al., 1976). For ease 
of reporting we have defined women with the joint characteristics of no vehicle access and 
transit times that were 30 minutes or greater as ‘transit marginalized’. We mapped the census 
tracts with a total number of transit marginalized women for each of the urban areas. We 
also described the racial/ethnic population composition within each central city and the 
remaining urban areas as well as the corresponding number and percent of transit 
marginalized women. We calculated bi-annual mammography capacity for each urban area 
by multiplying the number of machines in each facility by 12,000 (the maximum number of 
potential mammograms per machine = 6,000 per year × 2 years) (US Government 
Accountability Office, 2006), and then dividing by the population of women 40 years of age 
and older. A ratio of 1.0 or higher indicates adequate mammography capacity at the urban 
level.
3. Results
3.1 Six-City total population
Table 2 describes population characteristics of the 6 urban areas examined in our study. 
Population group percentages varied significantly among the six urban areas. Whites 
accounted for a majority of the population in all but San Antonio and San Diego. Hispanics 
made up the majority population of San Antonio and the combined minority populations in 
San Diego exceeded that of whites. Hispanics were the second largest population group in 
Boston (11%) and Denver (24%), while blacks were the second largest population group in 
Philadelphia. Seattle had the largest Asian population (13%). The racial/ethnic percentages 
of our total study resemble those of the nation as a whole (whites 65% compared with 64% 
nationally; Hispanics 17% compared with 16% nationally; blacks 11% versus 12% 
nationally; and Asians 7% versus 5% nationally) (Humes et al., 2011). Philadelphia had the 
largest population in both the defined urban area and the central city. San Antonio’s central 
city population, composing 82% of its urban area, is the only city structured as such, with 
the other central cities containing a minority of the urban population. Because the study area 
included the central city and variously-sized outlying areas, population density (persons per 
square mile) varied from 1,918 in Boston to 3,558 in San Diego.
All urban areas had at least 10% of the population living below the poverty level, with the 
highest proportion of those living below the poverty level in San Antonio (17%). Boston and 
Philadelphia had the highest proportions of women with no private vehicle (13% and 14%, 
respectively), while the other urban areas had smaller proportions of women with no private 
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vehicle, ranging from 6% in San Diego to 8.5% in San Antonio. In all urban areas, poverty 
and household vehicle access were strongly correlated. Therefore, we used household access 
to a private vehicle instead of poverty level for our analysis as a direct measure of spatial 
accessibility. The overall median travel time by public transportation for each urban area for 
women with no private vehicle ranged from 15 minutes in both Boston and Philadelphia to 
27 minutes in San Diego—almost twice the time of the two east coast urban areas. Finally, 
all six urban areas had adequate mammography capacity as defined by a ratio of 1.0 or 
greater.
3.2 Women with no private vehicle access and transit marginalized women by population 
group
Table 3 presents the number and percentage of women age 40 or older with no vehicle 
access and those who are transit marginalized across the study population by population 
group. Our study population included more than four million women; nearly two-thirds 
white, with Hispanics being the second largest group. Approximately 10% (433,120) of all 
women in the study area did not have vehicle access, but percentages varied by population 
group. An estimated twenty-two percent of blacks had no vehicle access; while less than 8% 
of whites had no vehicle access, an almost three-fold difference. Hispanic (12%) and Asian 
(10%) percentages without vehicle access more resembled that of whites.
Combining the characteristic of travel time of 30 minutes or longer with that of no vehicle 
access presents a different demographic picture than vehicle access alone. All told, less than 
2% (approximately 82,370) of all women in the six urban areas were transit marginalized 
meaning that the vast majority of women (98%) either had access to a private vehicle or had 
< 30 minute travel time. There are however substantial percentage differences between 
population groups. Among transit marginalized women, only Hispanics were 
overrepresented relative to their proportion of the entire study population (21% v. 1.7%). 
Numbering nearly 52,000, whites nonetheless constituted the majority of transit 
marginalized women. As a percentage of women without vehicle access, nearly a quarter of 
whites and nearly a fifth of Hispanics and Asians were transit marginalized. These three 
populations (whites, Hispanic, and Asian women) were each more highly transit 
marginalized than were black women as measured either as percentage of no vehicle access 
or as percentage of total population.
3.3 Geographic pattern of transit marginalized by urban area and region
Figure 1 displays the number of transit marginalized women per census tract for each of our 
six urban areas both within and outside of its central city. Figure 2 provides, by urban area 
and population group, the percentage of women without vehicle access and the percentage of 
women who were transit marginalized. Across the six urban areas black and Hispanic 
women were always more likely to be without access to a vehicle than were white or Asian 
women; the differential of black or Hispanic to white in this measure being substantially 
higher in the Eastern urban areas. However, the transition to transit marginalized populations 
presents a less conclusive picture, with whites, Hispanics, and blacks each highest in two 
urban areas. In all six urban areas however, the presence of public transit reduces the 
percentage of women without access to a mammography clinic.
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Because of the clear dichotomy in median travel times and percentage of transit 
marginalized women between eastern urban areas with more developed transit systems and 
the other urban areas, we created East and West regions for comparison (Boston and 
Philadelphia vs. San Antonio, Denver, San Diego, and Seattle)(Table 4). We found that the 
East region provided better clinic access for all populations but whites, whose transit 
marginalized percentages were virtually the same in the East and West (Table 4). In the East, 
blacks fared best (1.3%), whites fared worst (1.9%)—a dynamic driven by the 
preponderance of blacks having a lower transit time burden in the central city and greater 
numbers of transit marginalized whites in the urban area beyond the central city. In the West, 
however, with less robust transit systems and higher private vehicle dependency, whites 
fared best (1.9%) and blacks fared worst (2.8 %) a result of higher household automobile 
access of whites relative to other population groups. Overall, Hispanic percentages fell 
between those of blacks and whites in both the East and West, though numerically they 
constituted a larger transit marginalized population than did blacks in the west. Asians 
composed the third largest population of transit marginalized in the West. Generally 
speaking, Asian percentages of transit marginalized women (1.9% overall) resembled those 
of whites. Percentages and numbers of transit marginalized women in all central cities and 
outer urban areas by population group can be found in Supplemental Table 1.
4. Discussion
Our focus on access to mammography facilities in urban areas highlights race and ethnic 
disadvantages for women who are public transit dependent, but also shows that the vast 
majority of women in the six urban areas examined either had access to a private vehicle or 
had travel times of < 30 minutes. With approximately 1.9% of all women in the study having 
the dual liabilities of no vehicle access while incurring more than 30 minute travel time, 
Hispanics at 2.3% were overrepresented. In terms of absolute numbers however, whites 
constituted the largest population of transit marginalized. Women in the Eastern urban areas 
of Boston and Philadelphia, with well-developed train systems, had, at 15 minutes, the 
shortest median travel time to the nearest mammography facility. It is typically those urban 
landscapes where private automobile use is highest that offer the fewest public transportation 
options. This results in higher percentages of women who are transit marginalized—
especially for areas outside the central city (McKenzie, 2013; Tomer, 2011). Thus we found 
that in transitioning from no vehicle access alone to the added burden of longer trips, the 
demographic picture of black transit inequity changed to a multi-faceted one of higher 
transit marginalization of whites in the east, and of both Hispanics and blacks in the west.
This study of access to mammography as measured by travel time was not directly linked 
with health outcomes or utilization of services. Nevertheless, the results of this ecologic 
study show a Western U.S. disadvantage for Hispanics in travel time to mammography 
facilities that corresponds with the relatively lower mammography rates for Hispanics as 
compared with whites and blacks reported from national data (Coleman King et al., 2012). 
This travel time disadvantage is seen primarily in urban areas with majority or substantial 
Hispanic populations that also have lower levels of central city public transportation. 
Although Hispanics are less segregated that other population groups overall, many live in 
isolated enclaves that are less favorably situated with respect to public transportation (Holzer 
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and Stoll, 2007; Tomer, 2011). However, it should be recognized that transportation barriers 
are but one component of access. A myriad of factors at the individual, community, or 
system level affect receipt of mammography services. Affordability, accommodation or ease 
of access, and acceptability or degree of comfort with mammography services also are 
important components in the overall concept of access (Penchansky and Thomas, 1981). 
More specifically, factors such as acculturation or language barriers have been posited as 
contributing to lower Hispanic screening percentages as compared with other population 
groups (Nonzee et al., 2015; Abraído-Lanza et al., 2005; Jerome-D’Emilia, 2014; Otero-
Sabogal et al., 2004; Rosales and Gonzalez, 2013).
Our study also found that black women, relative to other populations, had a travel time 
advantage across our study area owing largely to contribution of Philadelphia’s substantial 
central city black population. Typically, those inhabiting the central city would have a travel 
advantage if taking public transportation (Glaeser et al., 2008; Tomer, 2011). Historically, 
blacks have resided in the central cities and in this study the east coast urban areas with 
more comprehensive transit systems provide that advantage. However, we found a 
disadvantage for blacks and Hispanics compared with whites in the western region as well as 
for blacks and Hispanics outside the central city in the eastern region. Several studies have 
found a travel time disadvantage for blacks compared with whites in urban areas (Peipins et 
al., 2011; Zenk et al., 2006) while a national study found a travel time advantage for blacks 
compared with whites (Onega et al., 2014). Also, longer median travel times have been 
described for other urban areas when different methods were used (Peipins et al, 2011). Our 
study differed in its focus solely on women with no access to a private vehicle and those who 
had longer travel times.
Finally, we found mammography capacity to be more than adequate for all urban areas. 
However, mammography capacity has been declining over the past decade which has seen 
an increase in the number of women living in poor capacity areas, particularly in the South 
(Eberth et al., 2014) and a decrease in mammography capacity for poorer counties and those 
with a higher percentage of uninsured residents (Elkin et al., 2013).
4.1 Limitations
We chose to measure access to mammography facilities by transit time rather than other 
GIS-based methods such as density measures, distance, or a gravity model (Lian et al., 
2012). Although a transit time measure does not account for competing services (e.g. taxi), 
this limitation may not be as relevant for a population whose travel options may be restricted 
by dependence on public transportation. Seasonality and inclement weather can also serve as 
a barrier to mammography screening (Onitilo et al., 2013) yet was not included in our 
analysis. Thus, our method captures transit time to the nearest facility thereby providing a 
‘best case’ scenario for those who rely on public transportation. Other choices would result 
in longer travel times and perhaps a greater travel burden. In addition, by defining vehicle 
access as no vehicle access vs. any vehicle access we may have underestimated travel burden 
inasmuch as some women in one vehicle households may have limited access to that vehicle. 
Another limitation is we chose vehicle access rather than income as the most relevant 
variable for examining public transportation barriers and the margin of error for the variable 
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describing private vehicle access at the census block group level was unacceptably high. Due 
to this limitation in the data, we used percentage of no vehicle access at the census tract 
level. Recognizing that vehicle access is not evenly distributed across tracts, we are likely to 
have overestimated the percentage of vehicle access for some population groups and 
underestimated it for others. However, the bias associated with assigning the same vehicle 
access to all race and ethnic groups in a tract may be attenuated because of racial and ethnic 
segregation in US cities. Thus, inasmuch as most U.S. urban areas exhibit high degrees of 
racial and ethnic segregation (Logan 2011) and census tract boundaries are drawn to include 
homogeneous populations, the bias of differential vehicle access by population group may 
be reduced. Finally, we measured travel time to the nearest facility from a single-point 
centroid of the census tract area and assumed all women live equidistant from this start point 
within the tract. In the urban setting where the geographic areas are small (mean census tract 
area ranges from 1.2 mi2 in Boston to 2.4 mi2 in Denver), there would likely be minimal 
distance between the population-weighted centroid and other points within a tract. 
Nevertheless, travel times for individuals within each tract will vary dependent upon the size 
of each individual tract.
5.0 Conclusions
Almost 98% of women in these 6 urban areas did not face significant travel time barriers as 
defined in our study. They either had access to a private vehicle or had a 30 minute or less 
travel time by public transportation. Nevertheless, for almost 2% of women having these 
joint characteristics, inadequate public transportation availability and long travel times can 
compound travel barriers. Although a small percentage, they comprise a large number of 
women across the 6 large urban areas. Across all urban areas, Hispanics had the highest 
percentage (2.3%) of transit marginalized women 40 years or older. The two Eastern urban 
areas, with their more comprehensive public transit networks, are better positioned to 
provide transport to mammography locations to those without vehicle access – especially 
within their central cities. However, because these are larger urban areas, they also have 
larger numbers of transit marginalized women—particularly whites outside the central city.
Access to adequate public transportation remains a challenge for a small proportion of 
women in many urban areas in the US. Expanding transportation options in terms of more 
comprehensive public transit systems or increasing access to mobile mammography units 
may help reduce potential travel related barriers to mammography clinic access by 
ameliorating the impact of unequal geographic distribution of mammography services. 
Nevertheless, public transit barriers are one component of the complex and interrelated 
factors that facilitate or hinder adherence to mammography. Screening adherence is 
influenced by individual characteristics such as language barriers, family support, level of 
comfort with providers, and limited knowledge about cancer or about resources available for 
screening, (Nonzee et al., 2015). Additional research on temporal barriers could include 
questions on the maximum travel time that women would be willing to undertake as well as 
understanding the role that wait times or delays have on receipt of mammography.
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Figure 1. 
Number of transit marginalized women by tract for each urban area
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Figure 2. 
Percent of women with no household vehicle access and percent transit marginalized by city 
and population group
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